Nuclear mnonolayers of WI-38 cells prepared by the method of Tsai and Green were used to determine RNA synthesis in isolated nuclei in situ. In nuclear monolayers, incorporation of [1HJUTP into RNA is dependent on the presence of the other three nueleotide triphosphates' and is abolished by actinomycin D. The extent of RNA synthesis under these conditions was measured in density-inhibited WI-38 human diploid fibroblasts at various intervals after cell proliferation was stimulated by a change of medium.
In confluent monolayers of chick, rodent, or human fibroblasts in which DNA synthesis and mitosis have all but ceased (1, 2) , proliferation can be induced by applying appropriate stimuli, such as neuraminidase (3) , insulin (4), proteolytic enzymes (5, 6) , hyaluronidase (7), or cortisol (8) , or by replacing the old medium with fresh medium containing 10% serum (9) (10) (11) (12) .
One of the earliest events observed in stationary WI-38 human diploid fibroblasts stimulated to divide by a nutritional change (12) is an increase in chromatin template activity which is detectable within one hour after stimulation (13) and is noticeable whether a homologous or a bacterial (Escherichia coli) DNA-dependent RNA polymerase is used (14) . Although an increase in chromatin template activity has also been reported in several other situations in which quiescent cells are stimulated to proliferate (15) (16) (17) (18) (19) (20) (21) , these findings are subject to criticism, ranging from the use of an exogenous polymerase (22) (23) (24) (25) (26) (27) (28) to the preparation of chromatin (29) . Recently, new techniques have become available for measuring RNA synthesis which avoid the problem of the precursors' pool by using monolayers stripped of most of their cytoplasm (30, 31) . Intact nuclei attached to a glass or plastic surface are capable of synthesizing'RNA in situ and with their own endogenous RNA polymerase (30, 31) . We have used one of these new methodologies to study the effect of nutritional changes on RNA synthesis in density-inhibited WI-38 cells. In addition, we have investigated the question of RNA chain elongation or initiation, the use of an exogenous (E. coli) 2038 RNA polymerase, and, finally, the relationship between RNA synthesis and the extent of cell proliferation.
MATERIALS AND METHODS
Chemicals. [ The cell cultures were free of contamination by pleuropneumonia-like organisms, as checked by autoradiography. The cells were used for experiments 7 days after plating (33) . The confluent monolavers were stimulated to proliferate by replacing the old medium with medium containing-1% (w/v) fetal-calf serum. Two controls were used: cultures in which the old medium was not changed and cultures in which it was replaced by fresh medium containing 0.3% fetal-calf serum.
Isolation of E. coli RNA polymerase. RNA polymerase was isolated from E. coli K 12, as described by Burgess (34) , by DEAE-cellulose chromatography and two subsequent glycerol density gradient centrifugations.
Preparation of Nuclear Monolayer. After the medium was removed, the cell monolayer was washed twice with 2.0 ml of phosphate buffered-saline and then 1.5 ml of 0.5% Triton X-100 in assay buffer containing 5 In all these experiments, the incorporation of a radioactive precursor is expressed in pmoles per culture, after correction for any loss of cells during the assay.
RESULTS
RNA Synthesis in Nuclear Monolayers. RNA synthesis in nuclear monolayers of unstimulated WI-38 fibroblasts is linear in the first 15 min of incubation and levels off after 20 min (Fig. 1 ). There is negligible incorporation of [3H]UTP into RNA when the unlabeled nucleotide triphosphates are omitted from the incubation mixture ( Fig. 1 ). Actinomycin D (10 ug/ml) also inhibited by more than 90% the incorporation of [3H]UTP into acid-precipitable material (not shown), thus confirming the claim of Tsai and Green (31) that nuclear monolayers synthesize bonafide RNA and not homopolymers.
RNA synthesis was also investigated in nuclear monolavers, with an exogenous RNA polymerase (E. coli). Under the conditions favoring the bacterial RNA polymerase there is negligible incorporation of [3H]UTP into RNA by the endogenous RNA polymerase (Table 1) .
RNA Synthesis after Nutritional Changes. RNA synthesis in nuclear monolayers of confluent monolayers of WI-38 cells at various intervals after nutritional changes is shown in Fig.  2 . RNA synthesis begins to increase 15 min after medium change, has its steepest increase within the first hour, and reaches a maximum at 18 hr, which is also the peak of DNA synthesis (13) . Thereafter, RNA synthesis declines slightly. It should be noted that 10 min after stimulation RNA synthesis is not increased (this point had to be omitted from Fig.  2 ). Even 0.3% fetal-calf serum in fresh medium caused an increase in RNA synthesis (Fig. 2) The increase in RNA synthesis after stimulation with 10% fetal-calf serum in fresh medium is detectable in nuclear monolayers even when an exogenous E. coli RNA polymerase is used (Table 1) .
Correlation Between RNA Synthesis and Stimulation of Cell Proliferation. To determine whether or not the increase in RNA synthesis may be correlated with the number of cells stimulated to proliferate, confluent monolayers of WI-38 fibroblasts were stimulated with fresh medium containing 10% fetal-calf serum for periods of time varying from 1 to 24 hr. After the desired period of stimulation, the stimulating medium was replaced by conditioned medium, and the number of cells entering DNA synthesis was determined by autoradiography (Fig. 3) . In stationary WI-38 monolayers, approximately 5% of the cells are synthesizing DNA. When stimulated for 1 hr, 22.5% of the cells enter DNA synthesis after the usual lag period, the increase corresponding to the increase in RNA synthesis occurring within 1 hr after stimulation (Fig. 2) . Thereafter, the percentage of stimulated cells rises steadily with increasing length of stimulation, reaching a maximum of 65% with continuous stimulation (Fig. 3) . This again parallels the increase in RNA synthesis in nuclear monolayers. If there is indeed a correlation between increased RNA synthesis and stimulation of cell proliferation, one could predict that a 1-hr stimulation (causing only 22% of cells to enter DNA synthesis) should result in an early increase in RNA synthesis, rapidly leveling off. This prediction is borne out by the experiments described in Fig. 4 . WI-38 cells were treated f6r 1 hr with 0.3% or 10% fetal-calf serum in fresh medium. The stimulating medium was then replaced by conditioned medium. Control cells were allowed to remain in the growth-promoting medium.
An increase in RNA synthesis in the first hour was found with both 10% and 0.3% fetal-calf serum. However, the cultures that were transferred back to conditioned medium did not show any further increase in RNA synthesis at later times. Effect of duration of stimulation on the extent of cell proliferation. WI-38 diploid -human fibroblasts were grown on glass cover slips in Falcon plastic tissue culture dishes (60 X 15 mm). On the seventh day after plating, the medium was removed and the cultures were washed twice with phosphate-buffered saline. Then fresh medium containing 10% fetal-calf serum was added and kept for the time indicated on the abscissa. Thereafter, this medium was replaced by conditioned medium, i.e., with old medium previously removed. After 8 hr, 1 MACi/ml of [3H]dT was added to all cultures. All cultures were terminated after another 16 hr, and the cells were prepared for autoradiography as described by Baserga and Malamud (35 
DISCUSSION
It has been previously reported from this laboratory that in confluent monolayers of WI-38 human diploid fibroblasts stimulated to proliferate by fresh medium containing 10% fetal-calf serum there is a prompt increase in the template activity of chromatin isolated from the stimulated cells (13, 33) . The results presented in this paper confirm by a different methodology that there is an increased gene activity in quiescent WI-38 cells stimulated to proliferate. The methodology used in this paper is a slight modification of the one proposed by Tsai and Green (31) Hours of stimulation FIG. 4 . RNA synthesis in nuclear monolayers after a 1-hr stimulation. WI-38 cells were grown as described. On the seventh day after plating, the old medium was removed and the cells were stimulated with 10% fetal-calf serum in fresh medium (O--O), or with 0.3% fetal-calf serum in fresh medium (A--A ). After 1 hr of stimulation, the stimulating medium was removed from half of the cell cultures, the cells were washed twice with phosphate-buffered saline, and conditioned medium was again added. The remaining half of the cell cultures were left in the stimulating medium. (O--O) Cells stimulated by 10% fetal-calf serum in fresh medium; (0--*) cells stimulated for 1 hr by 10% fetal-calf serum in fresh medium followed by conditioned medium; (A A) cells stimulated with 0.3% fetalcalf serum in fresh medium; (A--A) cells stimulated with 0.3% fetal-calf serum in fresh medium and followed by conditioned medium.
the precursors' pool and of the changed uptake of the radioactive precursor, which can greatly alter measurements of RNA synthesis in whole cells (9, 38 (14, 21) , the present results strongly support the validity of the previous findings, as well as of other reports on increased RNA synthesis in growing cells in culture obtained by determining the incorporation of radioactive precursors into whole cells (39, 40) .
There are, however, differences between the results obtained with the standard chromatin template activity assay (13, 33) thesis is detectable within 15 min after stimulation and it increases steadily up to the 18th hour after the nutritional change. At variance with the results of Mauck and Green (41) with 3T6 cells, we do find a lag between the application of the stimulus and the first detectable increase in RNA synthesis.
The discrepancy between the results of Mauck and Green (41) and our own is probably due to the different type of cells, and as previously demonstrated, also to the standard chromatin template activity assay (33) . The difference between the increase in chromatin template activity and increased RNA synthesis in nuclear monolayers of WI-38 cells could, instead, be due to the fact that the two methodologies may measure slightly different phenomena. While Todaro et al. (9) had already observed that it was necessary for confluent monolayers of 3T3 cells to remain in contact with fresh serum for at least 3 hr to obtain any appreciable stimulation, it was Bark (42) who demonstrated in BHK cells that the number of cells stimulated to enter DNA synthesis was proportional to the length-of stimulation. Our data confirm Bfirk's results (42) that the number of cells stimulated to effect the transition from Go to S is proportional to the length of the application of the nutritional stimulus. In addition, the increase in RNA synthesis in nuclear monolayers is related to the number of stimulated cells. This is confirmed by the fact that the increased RNA synthesis in nuclear monolayers plateaus after 1 hr when quiescent cells are stimulated for a period of only 1 hr, and also by the results obtained with 0.3% fetal-calf serum.
Our results do not offer any evidence concerning the type of RNA whose synthesis is increased when quiescent cells are stimulated to proliferate. Mauck and Green (41), using 3T6 cells, have stated that only ribosomal RNA synthesis is increased after stimulation. However, subsequent studies from the same laboratory, using whole cells, have shown that both Proc. Nat. Acad. Sci. USA 71 (1974) 1 rRNA and mRNA are increased in growing cells (43 
